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Syntheses and Reactions of Substituent Stabilized 
Thione Methylides 
Sir: 
Theoretical consideration of adjacent charge stabilization 
by sulfur d-orbital conjugation or polarization ] and the mode 
of electronic transmission in sr-systems containing sulfur has 
stimulated recent efforts to synthesize various thione ylides (1) 
in order to answer some of these questions. 2 From earlier work 
unperturbed noncyclic thione ylides appear to be unstable with 
respect to an electrocyclizat ion to their thiirane valence tau-
tomers 2a whereas substitution by a combination of 7-electron 
donating and accepting groups ("push-pull") provides suffi-
cient charge stabilization to allow isolation of some represen-
tatives of this ylide system. `' In this communication we wish 
to report on general synthetic routes to and chemical reactions 
of some stable thione methylides. 
C=-S=C 	C—S—C 
1 
One synthetic approach was derived from consideration of 
the requirement for stabilizing substituents and led to selection 
of thiouronium salts as central intermediates whose base cat-
alyzed deprotonation would provide 1. 4 Tetramethylthiourea 
and NA'-dimethylimidazolethione 5 were converted to the 
corresponding S-alkylthiouronium salts 2, by reaction with the 
appropriate alkyl bromide in CH2C12 solution at 30°. Treat-
ment of these salts with an equivalent of triethylamine in 
CH 2 C1 2 or THF solution at temperatures between -78 and 
30 ° led to the immediate formation of the thione methylides, 
3, and triethylamine hydrobromide. Only ylides 3ya-c and 
3za-c could be isolated at room temperature as crystalline 
solids which were characterized by their absorption in the it 
(CHCI3) at 1650-1700 cm -1 (C=0) or 2120-2140 cm -1 






._ L.. 	 
G 1508 v.1947 
.3098 py 
L. 
Figure 1. Representation of the HOMO and LU MO of 8 with calculated 
coefficients. The energy separation is —1 leV. 
such "push-pull" substituted ylides we have investigated the 
possibility of displacement at sulfur by carbon bases on the 
sulfurane 6. 9 Our original expectations as to the potential site 
of substitution were realized when, for example, 6 underwent 
reaction with 2 equiv of sodio diethylmalonate in TI-IF solution 
at 0° to provide 3zc. 7 Such a sulfur ligand exchange reaction 
parallels those reported for other sulfuranes and probably in-
volves the intermediacy of cation 7 which accepts a nucleophile 
at sulfur and not carbon. I° 




6 	 7 
Upon admixture in CH 2 C1 2 solution at 30° a pair of thione 
methylides which are differentiated by nonidentical sets of 
7r-donor and acceptor substituents undergo rapid (t i p < 5 
min) exchange of the latter substituent. For example, 3za 
reacts with 3yc to afford 3ya and 3ze, furthermore, the di-
rection of this exchange reaction is enforced by the ready de-
composition of 3ya to 4y and 5a." Similar ligand exchange 
reactions have been reported for sulfonium methylides and a 
degenerate ligand exchange mechanism has been suggested 
to account for the facile racemization of chiral sulfur in certain 
of these ylides. 12 The mechanism of substituent stabilized 
thione methylide multiple ligand exchange may be rationalized 
by a sequence (8 — 10) whose critical first step requires hyp-
ervalent bonding at sulfur rather than attack at the 7-donor 
substituted carbon atom. 13 The intermediate 10 which re- 
a, R2 = R3 = CN 
b, R, = CN; R3 = CO2Et 
C., R2 = R3 = CO2Et 
d, R2 = R3 = 
e, R2 = R3 = 
0 
f, R2 = Ph; LL3 = CO2 Et 
2y,z-d,f with triethylamine in THF at -78° produced solutions 
of transient ylides which upon warming to ca. -30° led to the 
formation of 4 and 5. 7 The decomposition reaction observed 
for unstable thione methylides is analogous to those reported 
for many simple 1,2-sulfonium methylides. 8 No products de-
rived from electrocyclic closure to a thiirane were apparent in 
such ylide decompositions. 
As an alternative approach to the general construction of 
rs 
8 
sembles a bisulfurane stabilized by equatorial sr-acceptor 
substituents but with considerable angle deviation in the apical 
CSC bonding system can fragment in two possible modes to 
effect the overall exchange observed. The proposed CS bonding 
established in 8 is supported by an inspection of the frontier 
HOMO and LUMO eigenvectors for a model ylide as deter-
mined by a SCF-CNDO2 calculation. 14 The HOMO is pri-
marily the carbanion p, orbital while the LUMO has a greater 
sulfur py contribution than the carbocation p y (Figure 1) 15 
 which suggests initial CS union to form sulfurane 9 is the
controlling frontier orbital interaction and the same argument 
also applies to 7. In a related reaction 3ya and sodio diethyla-
malonate in THF solution of 30° gives 3yc and malononitrile. 7 
 Again, we visualize this ligand displacement process as pro-
ceeding through hypervalent intermediates 11 and 12. 16 Fi-
nally, the thione methylides derived from N,N'-dimethylim-
idazolethione as a precursor undergo a facile reaction with 
tetramethylthiourea in CH 2 C12 solution at 0-30° to afford this 














bis(dimethylamino)-substituted ylides. 7 This process, which 
is equivalent to ligand transfer between ylide and thione, ap-
pears to proceed in a direction to provide the ylide with the less 
effective 7r-electron donor substituents. Rationalizing this 
behavior in a manner consistent with the other observed mul-
tiple ligand exchange and displacement reactions requires an 
intermediate 13 in which the equivalent of a 1,2-shift of the 













the shift is dictated by the formation of the most stable sulfu-
rane as determined by the electron withdrawing ability of the 
equatorial substituent. In conclusion, the general features of 
the chemistry of highly perturbed thione methylides closely 
resemble those of sulfuranes and are certainly unlike those of 
the unperturbed congeners. 
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ABSTRACT 
1,3-Dimethylirnidizolthione 	p reacts with bromine to give 1,3- 
dimethylimidizolthione S S-dibromide whose hypervalent structure was predicted by 
semiempirical molecular orbital calculations and verified by x-ray crystallography. 
The hypervalent S S -dibromide and S S-iodobromide were also prepared. Compound 
I reacts with cyanogen bromide to the salt, 2-thiocyanato-l,3-dirnethylimidizolium 
bromide, according to an x-ray structure determination. An explanation is offered 
for these different results. 
Tricoordinate Hypervalent Sulfur Compounds 
• IZIA/VVVVVVIA/VVVVIA/VVVVVVVVVVIAA/V1, 	lfl 
Sir: 
Molecular multicenter bonding which occurs •when a given atom has more bonds 
than atomic orbitals as defined by the octet rule is termed hypervalent and many 
examples are found among the second and third row main-group elements. Aside from 
an enormous amount of theoretical interest' in such "orbitally deficient" molecules they 
also have found increasing importance as synthetic organic reagents and especially 
noteworthy this latter regard is the work of Martin et. al. 2 on tetracoordinate 
tetracovalent sulfuranes. We now wish to report on a new class of hypervalent sulfur 
molecules, which are tricoordinate and tricovalent and have unique stability as compared 
to their tetracovalent counterparts. 
1ugi rjv Axial bonding system in tetracovalent sulfuranes. 
The trigonal bipyramidal geometry observed 3 for tetracovalent sulfuranes, is a 
result of the enforced 3-center linear axial (z) orbitally-deficient bonding arrangement 
whose orbitals are simplified in EgA, I. In such molecules electrons are required to fill 
high-lying nonbonding orbitals (n z) centered on the apical ligands (X). This leads to bond-
ing only from the 2-electron 3-center orbital array o z while the balance of the axial 
electron density must be delocalized away from the central atom toward the ligands and 
2 
thus stabilization is achieved by increasing electronegative apical groups. The effect of 
higher order (for S, 3d or 4s) orbitals on the central atom in the basis set on the 
calculated Hartree-Fock energy seems to be minimal'. Use of these more diffuse 
orbitals which have the proper symmetry to mix with n z—  (i. e., dz
2 in agt;v11, ) seems to 
serve only the purpose of an improved basis set allowing a small shift in electron density 
from ligand to the central atom. Hypervalent sulfur molecules would experience a 
stabilizing total energy decrease if ligand electron density could be delocalized to a 
equatorial substituent and this could be accomplished by the placement of a low-lying Tr-- 
acceptor substituent orbital of proper symmetry centered in the equatorial plane. The 
two possible orientations of this acceptor orbital with the axial XSX bonding system are 
parallel and orthogonal. The symmetry for interaction of a parallel 1T-acceptor (p) with 
the axial a z orbital and the ligand nonbonding orbital (n z -
n 
z
), is shown in F. 
Rotation allows interaction of the Tr-acceptor with the axial ligand central atom non-
bonding levels (n x+nx+nx) and (n x-nx+nx) with the resultant stabilization as shown in a 
3. We must conclude that the latter alignment is favored and calculate the total energy 
difference to 
,F2r2,vice/2. Axial interaction diagram for a parallel acceptor orbital. 
3 
be 	"12 kcal/mole for a hypothetical geometry-optimized tricoordinate sulfurane, 
H2CSC12'4 The energetic placement of the low-lying -acceptor orbital is critical and 
the 6 n-electron aromatic imidazolium cation appeared to be a suitable synthetic 
candidate for this substituent. 
Fi ure 3. Axial interaction diagram for an orthogonal acceptor orbital. 
Reaction of 1,3-dimethylimidazolthione 5 (I) with one-half equivalent of bromine at 
O''in CH2C1 2 solution gives the disulfide,
6 mp 240-1°(dec). Further bromination of 2a 
under the same conditions affords in high yield the stable tricoordinate tricovalent 
sulfurane 3a, mp 173-4°(dec). 
4 
A single crystal of 3a was analyzed by x-ray diffraction: monoclinic, a = 8.018, b = 
14.396, c = 16.403, a, , 2.029 g/cm 3 , space group P2 1/C 95 ' 53 ' V = 1893 PL3 Z = 8, /3calcd 
from systematic absences, hol, when 1 = 2n+1, oko, when k = 2n+1, Mo K aX-radiation at a 
takeoff angle of 6.5 using a SYNTEX P2 diffractometer. A total of 3254 nonzero 1  
reflections were refined to a crystallographic R factor of 0.062 and the resultant 
structure is shown in a 4. 
Figure 4. Solid state geometry of sulfurane 3a. 
VVVIA/VVL 
In complete agreement with the theoretically derived geometry this sulfurane has 
an axial 3-center geometry almost colinear (9 = 87. ± .8) with elongated bonds of 2.520 
and 2.477 ± .077) A (cf. 2.3 A in S2Br 2). The equatorial C—S bond length is 1.730± .02 A 
as compared with 1.695 ;k in 1 7 . It should be noted that 3 participates via a nonplanar 
geometry ( = 90.0 ° ) in the interaction qualitatively described in Figa presumably due 
to the steric effect of the C - 5 and C-4 methyl groups. Had planarity been possible, an 
even more stable structure should have resulted. Analogous tricoordinate sulfuranes, 3b, 
mp 157-8° (dec) and,\Xinp 147-50 (dec); result from the reaction of k in CH 2 C1 2 solution 
atO° whith chlorine and iodine monobromide, respectively. The latter sulfurane begins to 
decompose in the solid state after ca. 1 hour at room temperature which, nevertheless, 
represents extraordinary thermal stability considering the low dissociation energy of a 
normal two ele',-nron Br and S—i bond which here has an even lower bond order. 
5 
In constrast, the reaction of 1 j with cyanogen bromide give the salt 	mp 220-1 ° 
(dec) whose crystal structure was determined similarily by x-ray diffraction: monoclinic, 
a = 7.288, b = 9.502, c = 15.206, = 122.459, V = 1053 A,
3 
  Z = 4, p calcd = 3.381 g/cm
3 , 
space group P2 1/C from systematic absences. A total of 1248 nonzero reflections were 
refined to a crystallographic R factor of 0.043 and the resultant structure is shown in 
Fire 5. Solid state structure of salt 4A. 
The covalent attachment of the cyano group is characterized by an axial S---C bond 
iength of 1.757 A orthogonal (0 = 96.20 c= 90.0) to the ring system while the equatorial 
bromide ion occupies a lattice position 3.270 A distant from sulfur. A second neighbor 
bromide ion was found at a lattice position 3.587 A in the axial direction from C2 anti to 
the cyano group. 
Treatment of 1 with cyanogen chloride gives 4b, mp 215-6 (dec) and the common 
ionic structure of these derivatives was evident from their superimposible it spectra. 
6 
The observed incongruity between the appearace of a hypercovalent or an ionic 
molecule as a function of ligand structure is clearly independent of ligand 
electronegativity. If one considers an electron-rich linear multicenter bonding array 
with the hypervalent center participating by predominately p-orbital bonding two general 
patterns of occupied, symmetry-adapted, delocalized molecular orbitals appear. For 
2n+3 (n = 0,1,2 — ) atomic orbitals combined to give molecular orbitals 2n+4 electrons 
there are In+1 occupied non-bonding levels with respect to the ligands which do not 
contribute to vicinal bonding in the array and for isolable hypervalent molecules requires 
electronegative ligands to stabilize the resultant electron density as is observed for 3 ; 
 Conversely, 2n+4 atomic orbitals combined to give molecular orbitals for 4n+6 electrons
result in 4n+2 occupied anti-bondirig levels noded with respect to the ligands which are 
destabilizing regardless of ligand electronegativity, as for example, the hypervalent 
possibility related to 4L. In other words, if the sum of the one central hypervalent atom 
plus the coaxial ligand atoms is odd the system is stable and, if even, destabilized. This 
argument may be extrapolated to account for the origin of the unusally high energy 
barrier observed for the gas-phase nucleophilic displacement at carbon associated the 
reaction of CN with CH 3CI and C 2 1-1 with CH 3F which requires a linear transition state 
7 
described by a combination of 2n+4 atomic orbitals. Likewise the observed highly 
concerted decomposition ( 1-1*:-. 17.6 kcal/mole) of di-t-butyl 0, 0' - 
phenylbisthioperbenzoate proceeds via a linear 6-electron 5-center hypervalent sulfur 
bonding array with one occupied bonding and two occupied non-bonding levels in the 
transition state and is an example of a stabilized 2n+3 atomic orbital combination. 
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SCF semiempirical calculations suggest that substituent perturbed thione 
methylides should have non-planar structures. An x-ray crystallographic analysis 
ofN-,N-dimethylimidazolthione S-dicarboethoxymethylide supports this conclusion. 
NMR C and H1 shifts in this methylide vs. some model compounds may be correlated 
with the SCF bond orders and used to qualitatively describe the m-conjugation 
between the charged centers in these 1,3-dipoles. 
The deprotionation of S-dialkylthiouronium salts with appropriate electron 
,withdrawing B-substituents provides the thiourea S-disubstituted methylides. 
These 1,3-dipoles also result from the treatment of S-dibromothiourea (sulfuranes) 
with carbon bases and exhibit a number of interesting reactions such as ylide 
ligand-ligand exchange, decomposition to alkenes, and ligand trahsfer from ylide 
to thione. 
1,3 -Dimethylimidizolthione (;) reacts with bromine to give 1,3-dimethylimidizo 
thione S,S-dibromide whoe hypervalent structure was predicted by semiempirical 
molecular orbital calculations and verified by x-ray crystallography. The hyper- 
valent S,S-dibromide and S,S-iodobromide were also prepared. Compound 1 reacts 
with cyanogen bromide to the salt, 2-thiocyanato-1,3-dimethylimidizolium bromide, 
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Description of Unpublished Research  
1. 	Thione S-Imides. 
We have continued our studies upon the various potential energy 
minima to be found on the surface for the valence isomerization, thione 
S-imide (07i1=Thiazirane (Z), as a function of substituent, R. 






From molecular orbital calculations one may conclude that represents 
a minima when a combination of electron donating and electron withdraw-
ing substituents are present and otherwise 2, is the more stable isomer. 
This holds true for both the excited singlet and ground state. 
Two examples" of such stable "pull-push" substituted thione S-imides, 









Both and 4 when heated above 100 ° decompose to give the corresponding 
guaniclines and sulfur a reaction which is second-order in ylid and, therefore, 
does not proceed via a valence isomierzation - sulfur extrusion process. 
Photochemically, 	undergoes this same reaction at -36 ° . A interesting 
cycloaddition reaction is observed when 4 is treated with dimethylacetylene 
dicarboxylate to give 5 whose structure was demonstrated by x-ray crystallo-
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a rather novel heterocyclic intermediate, k. 
Turning to substituent unperturbed thione s-imides (or thiaziranes) 
we reasoned that the best opportunity to observe the more stable cyclic 

















i = Cl2, -78 ° ; ii - 2 
and we obtained an oil (mp ru5 ° ) whose C
13
-S shift was 100 ppm upfield  
of that observed for the known di-t-butylthione s-oxide which suggests 
structure Z. The low mp of this derivative precludes x-ray crystallography, 
at least at this facility, so was was prepared by an anlogous route and is 





crystals suitable for a structure determination I intend to present this and 
subsequent work on S-N ylides at the symposium during the ACS meeting in 
Chicago (August 1977) before public4tion in a journal. 
2. 	Thione S-Methylides 
Aside from our published observations on this functional group 
we have explored the synthetic potential of reactions with carbonyl 
groups of aldehydes and ketones as a variant of the "Wittig Reaction", 
i.e., 
0 // 
We have confined our studies so far, to the reagent, a, generated in situ  
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H 
(-30 ° to 30 ° ) readily with aldehydes to give cc,-unsaturated esters predominately 
with cis-stereochemistry, exactly opposite to what is observed in the Wittig 
reaction using carboalkoxyphosphoranes. This result suggests that our "quasi-
Wittig" reaction will provide a unique synthetic method for the synthesis 
cis-acrylic esters. Some examples explored are: 
reactant 	
\, product (yield)  








With such a promising start we will systematically investigate the full potential 
of this synthetic method for the conversion of ketones and aldehydes to such 
new functions as: 






We noted some time ago that unstable thione S-methylides generated with 
good electron donating substituents but poor electron withdrawing substituents, 
such as ;?, rapidly (even at --78 ° ) underwent disproportionation to give 







might provide a basis for a macrocyclic alkene synthesis and to this end 
we have prepared the bis-salts, 	and 14, as possible 14ecursors to 	as 
the important funcitonalized crown ether 16 (here the Li template effect on 
increasing the yield may be important). 
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3. 	Hypervalent Molecules 
The appendix contained a communication to the editor of the J. 
Amer. Chem. Soc. which is in press and reports the details of our 
studies on tricoordinate sulfuranes, a new class of hypervalent molecules. 
The theoretical analysis of the effect of substituents on stabilizing 
hypervalent bonding arrays suggests that one may be rewarded for a 
search among the first-row atoms for a stable example of a hypervalent 
species (a notion long held to be impossible by the uninitiated!). 
After consideration of all stabilizing "tricks" possible, molecule 
17 (with R the most electron-withdrawing group available) has the best ‘NA, 
chance of chemical survival. However, we began our synthesis with 18 




1:1 crystalline product, extremely sensitive to hydrolysis, which shows 








great difficulty growing crystals of a size suitable for x-ray analysis but 
will continue to try, and in the meantime, have the synthesis of 17 underway 
with 	CF
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determined by nmr. 
